Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD of 1929 .
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD of 1983).

Introduction
The Ozark aquifer is the largest aquifer, both in area of outcrop and thickness, and the most important source of fresh ground water in the Ozark Plateaus physiographic province, supplying water to large areas of northern Arkansas, southern Missouri, northeastern Oklahoma, and southeastern Kansas. Understanding the changes and trends in water levels is important for continued use, planning, and management of this important natural resource.
The U.S. Geological Survey (USGS) in cooperation with the Arkansas Natural Resources Commission and the Arkansas Geological Survey conducted a study of the potentiometric surface of the Ozark aquifer within Arkansas. The study is part of an ongoing effort to monitor ground-water levels in Arkansas' major aquifers. This report presents a potentiometric-surface map of the Ozark aquifer within the Ozark Plateaus of northern Arkansas (figs. 1 and 2), representing water-level conditions for the early spring of 2007.
The study area includes 16 Arkansas counties lying completely or partially within the Ozark Plateaus of the Interior Highlands major physiographic division (Fenneman, 1938) . The study area is generally bounded on the north by Missouri, on the west by Oklahoma, on the east by the Mississippi Alluvial Plain, and on the south by the Ouachita Province ( fig. 1) .
The potentiometric-surface map presented in this report was prepared from ground-water level data collected by the USGS during February and March of 2007 and water-level data from springs flowing from the Ozark aquifer. Additionally, streambed altitudes in areas where the aquifer is unconfined and hydraulically connected to the surface were used as bounding (maximum ground-water level) values. 
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EXPLANATION
Methods
Personnel from the USGS collected water-level measurements during February and March 2007 from wells screened in and springs flowing from the Ozark aquifer. Well waterlevel measurements were made to the nearest 0.01 foot (ft) and were collected using steel or electric tapes from a measuring point of a known altitude. The steel and electric tapes were calibrated during January 2007. Spring water levels were considered to be the land-surface altitudes at which water from the Ozark aquifer emanated.
Well and spring locations were measured using a Global Positioning System receiver to acquire the horizontal coordinate information, latitude and longitude, based on the North American Datum of 1983. The latitude and longitude of the well or spring location was transferred to the appropriate 7.5-minute USGS topographic quadrangle map and the altitude (National Geodetic Vertical datum of 1929 (NGVD of 1929)) determined. Well and spring horizontal locations are accurate to +/-10 ft and the altitude of the land surface at this location also is accurate to +/-10 ft.
Where the Ozark aquifer is unconfined, land-surface contours and stream altitudes from a 1:500,000 scale topographic map of Arkansas (U.S. Geological Survey, 1990) were considered in the construction of the potentiometric-surface map to prevent contours from crossing streams at inappropriate locations, and to reflect the general land-surface topography where appropriate.
Hydrographs with least squares linear regression trend lines were constructed for wells open to the Ozark aquifer with a minimum of 30 years of ground-water level measurements. Least squares linear regression trend lines are a mathematical method of organizing data by plotting the data graphically and drawing a best fit straight trend line through the data by minimizing the sum of the squares of the offsets (residuals) (McCuen, 1985) . The equation of the trend line is represented by: y = a + bx where y is the dependant variable (water-surface elevation, in feet) a is the y intercept value (value of y at x = 0) b is the slope of the trend line (annual rise or decline in water level, in feet per year) and x is the independent variable (time, in years).
Aquifer Description
The Ozark Plateaus aquifer system (fig. 2) in and adjacent to the Ozark Plateaus is divided into five hydrogeologic units based on relative rock permeability and well yields. (Imes, 1990) . Most wells completed in the Ozark aquifer yield between 50 and 100 gallons per minute (gal/min) although some wells may yield as much as 600 gal/min (Imes and Emmett, 1994; Adamski and others, 1995) .
The Ozark aquifer is underlain by the St. Francois confining unit (the uppermost geologic unit of which is the Doe Run Dolomite; table 1). The Ozark aquifer is exposed in much of southern and central Missouri and north-central Arkansas ( fig.  2) where uplift of the Ozark Dome and erosion of younger rocks has formed a deeply dissected, rugged topography that is the primary recharge area of the aquifer. The aquifer is overlain by the Ozark confining unit mainly in the southern and western part of the study area (table 1). Within the Mississippi Alluvial Plain, east and southeast of the outcrop area (figs. 1 and 2), thick deposits of Cretaceous-, Tertiary-, and Quaternary-age sediments unconformably overlay the Ordovician-age rocks of the Ozark aquifer. Within this part of the Mississippi Alluvial Plain, major rivers receive substantial discharge from the adjacent Ozark aquifer (Mesko and Imes, 1995) .
The hydrogeology of the Ozark aquifer is complex, consisting of a combination of discrete and discontinuous flow components resulting from spatial variations in regolith thickness, faults, the presence of chert nodules, lithology, and cementation. Primary porosity and permeability are low for most rock units of the aquifer, although secondary permeability resulting from fracturing, bedding planes, and dissolution of the carbonate rocks is spatially variable and ranges from moderate to large (Adamski, 1996) . Hydraulic conductivity ranges from 1×10 -8 feet per second (ft/s) to more than 1×10 -3 ft/s (Imes and Emmett, 1994) . The principal recharge area for the aquifer is in central and south-central Missouri and northcentral Arkansas, where the aquifer is hydraulically connected to the surface and the potentiometric surface mimics the landsurface topography. Beneath the Mississippi Alluvial Plain ( fig. 1 ), the rocks composing the Ozark aquifer dip at about 45 feet per mile (ft/ mi) to the southeast. In the northern part of the study area, the regional dip is about 26 ft/mi southward, increasing to 175 ft/ mi or more at the southern boundary of the Ozark Plateaus (Imes, 1990) . The depth of the Ozark aquifer increases to more than 4,000 ft below land surface in the southern part of the study area. In this area, water quality is affected by increasing amounts of dissolved solids, fluoride, sulfide, and radium as water moves downdip, away from recharge areas (Imes and Emmett, 1994) . The combination of greater depth and poorer water quality limits the viability of the Ozark aquifer as an economic source of water in the southernmost part of the study area.
Potentiometric Surface
The potentiometric-surface map (plate 1) indicates the altitude to which water would stand in wells completed in the Ozark aquifer. The potentiometric surface was contoured using the 2007 water-level data from 58 wells and 5 springs (table  2) . Additional bounding values from land-surface contours and stream altitudes were used where the Ozark aquifer is exposed at the surface.
The potentiometric-surface map is intended to show the general configuration of the potentiometric surface. The Ozark aquifer covers a large area in Arkansas and has variable thickness and hydrologic properties. Water-level data distribution is sparse in some areas. The potentiometric-surface map should not be used to estimate exact water-level altitude or depth to water at any given location.
The extent of the potentiometric-surface map presented on plate 1 covers approximately half the area of the Ozark Plateaus in Arkansas ( fig. 1 ). In the southern part of the study area the aquifer is not a viable source of water because of great depths and poor water quality (Imes and Emmett, 1994) . Few water wells have been constructed in this part of the study area, consequently, no data are available for contouring purposes.
The potentiometric-surface map depicts the general direction of ground-water flow within the Ozark aquifer, with ground-water movement perpendicular to the contours in the direction of the hydraulic gradient. The direction of regional ground-water flow generally is to the south and southeast in the eastern and central part of the study area and to the west, northwest, and north in the western part of the study area, but has greater variability in areas where the unconfined part of the aquifer is hydraulically connected to the surface. In these areas, the flow direction is affected more by local topography (flowing from high altitudes toward stream valleys).
The 2007 water-level data indicates the highest waterlevel altitude is 1,169 ft above NGVD of 1929 in Carroll County. Water-level altitudes of less than 400 ft above NGVD of 1929 are mapped along the eastern and southeastern part of the study area in Independence, Lawrence, Randolph, and Sharp Counties. The lowest measured water level of 118 ft Table 1 . Stratigraphic column with descriptions of lithologic and hydrogeologic properties of the Ozark aquifer and adjacent confining units within Arkansas (modified from Lamonds, 1972; Imes, 1990; Imes and Smith, 1990 In most of the study area, the general level and shape of the potentiometric surface has changed little since predevelopment or as mapped in previously published USGS reports in 1995 (Pugh, 1998 ), 2001 (Schrader, 2001 , and 2004 (Schrader, 2005) . A comparison of the predevelopment potentiometric surface (Imes, 1990 ) and the 2007 potentiometric surface indicates general agreement between the two surfaces with the exception of parts of Benton, Carroll, and Washington Counties. In northwestern Benton County, water levels have declined and the direction of flow has changed from westward during predevelopment times to northwestward in 2007. In northeastern Benton and northwestern Carroll Counties, water levels have declined although the direction of flow is still to the north. In northwestern Washington County, water levels have declined and the direction of flow is northwestward, matching the predevelopment direction of flow. The potentiometric surface in 2007 is similar to the potentiometric surface in 1995 (Pugh, 1998 ), 2001 (Schrader, 2001 , and 2004 (Schrader, 2005) . Potentiometric-surface differences can be attributed to differences in hydrologic stresses (withdrawals related to changing population, differences in withdrawals for agricultural uses, or withdrawal conditions just prior to a water-level measurement) or data-collection and mapconstruction methods (time of year or number of water-level measurements and locations of water-level measurements used to construct maps representing different years).
Population and Water Use
The population of the 16 counties in northern Arkansas that compose the study area has increased steadily since 1960 ( fig. 3) . From 1960 through 2000 the population in the state of Arkansas has increased 50 percent while counties in the study area increased 147 percent. The largest increase in population was in the counties bordering Missouri and Oklahoma including: Washington (183 percent), Benton (323 percent), Carroll (125 percent), Boone (111 percent), Marion (167 percent), Baxter (286 percent), and Sharp (171 percent). Lawrence and Searcy Counties experienced the smallest increases in population, 3 and 2 percent respectively (U.S. Census Bureau, 2008) .
Estimated total ground-water use for the Ozark aquifer in Arkansas has increased slightly for the period from 1960 through 2005, while estimated total surface-water use has increased dramatically for the same time period for the study area ( fig. 3) (Stephens and Halberg, 1961; Halberg and Stephens, 1966; Halberg, 1972 Halberg, , 1977 Holland and Ludwig, 1981; Holland, 1987 Holland, , 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 .
The 
Long-Term Hydrograph Trends
Hydrographs with regression trend lines were constructed for wells open to the Ozark aquifer with a minimum of 30 years of ground-water level measurements. Twenty-four hydrographs from 12 wells are presented in figure 4 and were selected to provide a relatively even distribution, geographically, across the study area. The minimum 30-year period of record was used to evaluate long-term trends not dominated by variations in climate or localized pumping rates on water levels in a single well. Trend lines using least squares linear regression were calculated for two 20-year trend periods, the first from 1967 to 1987 and the second from 1987 to 2007, to determine the slope in feet per year of water levels in each well. The slope of the trend line represents the typical annual decline or rise in water level over the trend period (20 years). A statistical summary of the number of wells with 30 or more years of data, the range of the annual rise or decline in water levels, and the mean and the median value for each county in the study area are presented in table 3. Negative trend slope values denote a decline in water level. Table 3 . Statistical summary of annual rise/decline in water level for two 20-year trend periods (1967-1987 and 1987-2007) by county for wells in the Ozark aquifer of Arkansas. Water-level trends in the Ozark aquifer were divided into two 20-year trend periods (table 3) , 1967-1987 and 1987-2007, to Examining how mean annual water-level trends have changed from the first period to the second period provides mixed results. Benton, Boone, and Izard Counties experienced declining mean annual water levels for both periods; although, the rate of decline decreased from the first period to the second period in all three counties. Carroll, Newton, and Stone Counties experienced rising mean annual water levels for both periods. In Newton and Stone Counties, the rate of rising mean annual water levels increased during the second period; while in Carroll County, the rate of rising mean annual water levels decreased during the second period. Fulton, Marion, and Sharp Counties experienced rising mean annual water levels for the first period and declining mean annual water levels during the second period. Washington County experienced declining mean annual water levels during the first period and rising mean annual water levels during the second period.
An examination of water-use and population data and hydrograph trends over time provides some insight into changing water levels in the Ozark aquifer. The rapidly increasing population within the study area appears to have some effect on ground-water levels. Although, the effect may have been minimized by the development and use of surface-water distribution infrastructure, suggesting most of the incoming populations are fulfilling their water needs from surface-water sources. The conversion of some users from ground water to surface water may be allowing water levels in wells to recover (rise) or decline at a slower rate, such as in Benton, Carroll, and Washington Counties. Water levels in wells continue to decline at locations where the users have not converted to surface water, such as in Marion and Sharp Counties.
Summary
During February and March 2007, ground-water levels from 58 wells and 5 springs in the Ozark aquifer in northern Arkansas and southern Missouri were measured by the U.S. Geological Survey in cooperation with the Arkansas Natural Resources Commission and the Arkansas Geological Survey. A potentiometric-surface map of the Arkansas part of the Ozark aquifer was constructed. The Ozark aquifer in northern Arkansas is composed of dolomite, limestone, sandstone, and shale of Upper Cambrian to Middle Devonian age, which dips to the south and southeast away from the St. Francois Mountains of southeastern Missouri. The aquifer is complex, characterized by discrete hydrogeologic units with large variations in permeability. The principal recharge area for the aquifer is in southern and central Missouri and north-central Arkansas where the aquifer is hydraulically connected to the surface.
A potentiometric-surface map of the Ozark aquifer in northern Arkansas for 2007 indicates the maximum measured water-level altitude is 1,169 ft in Carroll County and the minimum measured water-level altitude is 118 ft in Randolph County. The direction of regional ground-water flow generally is to the south and southeast in the eastern and central part of the study area and to the west, northwest, and north in the western part of the study area, but has greater variability in areas where the unconfined part of the aquifer is hydraulically connected to the surface. In these areas, the flow direction is affected more by local topography (flowing from high altitudes toward stream valleys). The 2007 potentiometricsurface map is generally similar in shape to a predevelopment potentiometric-surface map except in Benton, Carroll, and Washington Counties in northwestern Arkansas. Potentiometric-surface differences can be attributed to differences in hydrologic stresses (withdrawals related to changing population, differences in withdrawals for agricultural uses, or withdrawal conditions just prior to a water-level measurement) or data-collection and map-construction methods (time of year or different numbers and locations of water-level measurements used to construct maps representing different years).
An examination of water-use and population data and hydrograph trends over time provides some insight into changing water levels in the Ozark aquifer. The rapidly increasing population within the study area appears to have some effect on ground-water levels. Although, the effect may have been minimized by the development and use of surface-water distribution infrastructure, suggesting most of the incoming populations are fulfilling their water needs from surface-water sources. The conversion of some users from ground water to surface water may be allowing water levels in wells to recover (rise) or decline at a slower rate, such as in Benton, Carroll, and Washington Counties. Water levels in wells continue to decline in locations where the users have not converted to surface water, such as in Marion and Sharp Counties.
